AML-M0 is an infrequent form of acute myeloblastic leukemia characterized by negative reaction with myeloperoxidase (MPO), Sudan Black and lymphoid antigens and positivity for CD13 or CD33. In the present study we describe the immunophenotypical and ultrastructural characteristics of a group of AML-M0 in adult patients. Nine out 218 AML leukemias (4.1%) fulfilled the AML-M0 criteria. CD13 or CD33 were positive in eight out nine cases, with two or more positive myeloid antigens being present in 82% of the cases. Immunological MPO was positive in 57% of the cases and CD68 in 33%. In no case were megakaryocytic and erythroid markers present. Four cases (44%) expressed CD7 and TdT but only two coexpressed both antigens. In none of the cases was CD3 or CD22 cytoplasmic expression found. Ultrastructurally, a low number of granules was seen in all cases whereas ferritin particles or rhopheocytosis were not observed. Ultrastructural MPO was positive in one out of five cases and platelet peroxidase (PPO) was negative in the four cases studied. Two out of six cases showed karyotypic abnormalities (hypotetraploidy and a complex karyotype, respectively). In two out three cases a rearranged pattern for J H gene was observed. TCR (C␤ and J␥) rearrangements were not detected in any case. AML-M0 is an infrequent form of acute myeloblastic leukemia. A large panel of myeloid monoclonal antibodies (MoAb) and the study of the cytoplasmic expression of myeloid antigens is necessary to diagnose this form of leukemia. AML-M0 usually coexpress lymphoid markers. Ultrastructural studies may be of help to discard an immature erythroid proliferation.
Introduction
The French-American-British (FAB) co-operative group proposed morphological, cytochemical and immunophenotypical criteria to identify a new type of acute myeloblastic leukemia (AML) with minimal myeloid differentiation which is known as AML-M0. 1 This is an infrequent form of leukemia which, according to the FAB group, represents less than 5% of all acute myeloblastic leukemias. The main characteristic of this new AML subtype is the agranular cytoplasm of the blast cells resembling lymphoblastic cells and the negative cytochemical reactions for myeloperoxidase and Sudan Black. The myeloid origin of the blast cells is demonstrated by the presence of myeloid antigens (CD13 or CD33) and the lack of expression of lymphoid markers.
We describe the characteristics of a series of nine patients with AML-M0 with special emphasis on the immunophenotypic pattern and the ultrastructural features of these cases. 
Material and methods

Patients
During a 4 year period 82 de novo acute lymphoblastic leukemias, 218 de novo acute myeloblastic leukemias and five undifferentiated leukemias were diagnosed in the Hospital Clinic de Barcelona, Barcelona, and the Hospital Universitari Germans Trias i Pujol, Badalona, in patients older than 15 years.
Classification of acute leukemias
Morphology and cytochemistry:
Acute leukemias were classified according to the FAB criteria. [1] [2] [3] [4] Peripheral blood and bone marrow smears were stained with May-Grü nwaldGiemsa. Cytochemical reactivity against myeloperoxidase (MPO), Sudan Black, naphtol-ASD-acetate with FINa inhibition and alpha-naphtyl acetate was analyzed.
Immunophenotype:
Immunocytochemical analysis by alkaline phosphatase anti-alkaline phosphatase technique 5 and/or immunofluorescence technique and flow cytometry of peripheral and/or bone marrow samples were performed to determine the expression of lymphoid and myeloid antigens in blast cells. Reactivity against B and T lymphoid antigens (Tdt, CD19 or cytoplasmic CD22, CD10, CD7, cytoplasmic CD3) as well as myeloid antigens (CD33 or cytoplasmic CD13, CD14, CD68, myeloperoxidase) and HLA-DR expression was investigated. In addition, in most cases the presence of CD2, CD5, CD11b, CD41 or CD61, CD36, glycophorin A, and CD34 was tested. An acute leukemia was considered as positive for an antigen when more than 20% of the blast cells reacted with it (Ͼ10% in the case of immunological myeloperoxidase (iMPO).
Ultrastructural morphology:
Mononuclear cells of peripheral blood or bone marrow were processed by electron microscopy. Cells were fixed in 1.25% glutaraldehyde in 0.1 M cacodylate buffer, postfixed in fresh 1.25% glutaraldehyde for 2 h at 4°C, followed by 1% OsO 4 and dehydrated through a graded series of ethanol. Dehydrated samples were included in Durcupan. Thin sections were cut on a Reichert's ultramicrotome, mounted on copper grids, stained with uranyl acetate and lead citrate and examined in a Philips 410 electron microscope. 6 In each case a minimum of 25 blast cells was studied, counting the number of granulated blast cells, the number of granules per blast section, the nuclear outline and the presence of cytoplasmic organelles. To detect ultrastructural myeloperoxidase bone marrow particles or buffy-coat cells were fixed for 30 min at 4°C with 1.25% distilled glutaraldehyde in 0.1 M phosphate buffer, pH 7.2. Cells were washed three times in the buffer. Samples were incubated for 30 min at room temperature in the dark in DAB medium. The cells were then rinsed in several changes of phosphate buffer, 0.1 M pH 7.2, and postfixed for 30 min in osmium tetroxide in phosphate buffer. After postfixation the cells were dehydrated in graded ethanol solutions and embedded in epoxyresin. Ultrathin sections were examined either unstained or slightly stained with lead citrate. 6 Ultrastructural platelet peroxidase: cells were fixed in 1.25% glutaraldehyde in Gey's buffer at 4°C for 10 min, washed three times with the same buffer and incubated in DAB medium for 60 min at room temperature in the dark; the remaining steps were carried out as in usual MPO staining. 6 
Karyotypic analysis
Chromosomal analysis was performed in peripheral or bone marrow specimens. Mononuclear cells were cultured in RPMI 1640, supplemented with 20% heat-inactivated fetal calf serum enriched with 2% L-glutamine, 100 g/ml penicillin, 10 g/ml streptomycin, 1% sodium heparin. Chromosome preparations were obtained after 24-48 h of incubation. The slides were stained with a G-banding. Well-spread metaphases were photographed and then arranged according to the recommendations of the International System for Human Cytogenetic Nomenclature. 7 Organization of immunoglobulin gene and beta chain gene of T cell receptor High molecular weight DNA was obtained by lysis of leukemic cell samples with sodium dodecylsulphate (SDS) and proteinase K, followed by extraction with phenol-chloroform and chloroform and further precipitation with ethanol. 8 The DNA samples were digested with restriction endonucleases EcoRI, and HindIII (Boehringer Mannheim, Mannheim, Germany). DNA fragments were size fractioned by electrophoresis in 0.8% agarose gel and transferred to nitrocellulose filters. The probes were labeled by a random priming method to a specific activity of 1 to 2 × 10 9 c.p.m./g of DNA. After hybridization, the filters were washed stringently at 65°C, dried, and autoradiographed. Ig gene analysis was performed using a 2.5 Kb EcoRI/PvuI fragment corresponding to the joining region of the immunoglobulin heavy chain (J H ). The organization of T cell receptor was analyzed using a 0.8 kb (HindIII/EcoRI) fragment for the joining region of the T cell receptor ␥ chain gene (J␥) and a 0.6 kb (HindIII/EcoRI) fragment for constant region of the T cell receptor ␤-chain (C ␤ ). The presence of breakpoints in the major breakpoint cluster region was investigated using bcr-3 probe (MBR) with a 2 kb fragment corresponding to the M-bcr gene. These probes were kindly provided by Dr L Luzzatto, from the Department of Human Genetics, Memorial Sloane Kettering Cancer Center, New York, USA.
Statistical analysis
Quantitative values were expressed as mean ± standard deviation (s.d.). Student's t-test was used for comparing quantitative values between AML groups and the ANOVA test for qualitative parameters.
Results
The FAB distribution of AML was as follows: nine M0, 36 M1, 30 M2, 37 M3, 30 M4, 64 M5, nine M6, three M7. Thus, the frequency of AML-M0 in our AML series was 4.1%, without differences between the two centers contributing cases. The main clinical and analytical data of these patients as well as their outcome are depicted in Table 1 .
Morphological and cytochemical characteristics
The morphological appearance of blast cells was lymphoid in seven cases (78%) and myeloid in two (22%). The myeloperoxidase and Sudan Black reactions were negative in all cases, while esterases were negative in all cases but two which showed low intensity reaction in a few blast cells. In the three patients who relapsed (Nos 1, 4, 7) after having achieved a remission the morphological and cytochemical characteristics of the blast cells at relapse were the same as those at diagnosis. In one of the two patients with refractory disease (No. 2) the appearance of Auer rods in 15% of cells and myeloperoxidase restricted to the Auer rods was noticed 6 months after the diagnosis.
Immunophenotype Table 2 shows the immunophenotype of AML-0 cases. All cases were negative for B lineage antigens (CD19, cytoplasmic CD22 and CD10). Cytoplasmic CD3 was negative in all cases, one case was CD2 positive (11%) and four cases were CD7 positive (44%). The mean percentage of CD7 + blast cells was 59% (s.d. 27, range 35-91%). Four cases (44%) were Tdt positive with a mean value of 43% (s.d. 21, range 20-63%). Only two cases coexpressed CD7 and TdT. HLA-DR was positive in all but one case and CD34 in five out of eight cases (63%). Six patients out of nine (67%) were CD13 positive with a mean value of 69% (s.d. 18, range 44-95%). Four out of six cases (67%) were CD33 positive with a mean value of positive cells of 47% (s.d. 10, range 35-58%). Three out of nine cases (33%) were CD68 positive with a mean positivity of 62% (s.d. 19, range 51-84%). CD14 was positive in one out of seven cases (14%) and CD11b was positive in two out of seven cases (29%). In seven AML-M0 the expression of myeloperoxidase was analyzed by immunological technique (iMPO). In four cases, more than 10% of the blast cells were positive with a mean percentage of 27 (s.d. 13, range: 11-42%). In most cases the blast cells reacted with more than one myeloid antigen: two cases (22%) expressed one myeloid marker (CD13 and CD33); three (33%) were positive for two myeloid antigens (CD13 and CD14, CD68 and iMPO, CD13 and CD68) and four (44%) reacted with three myeloid antigens (CD13, CD33 and iMPO; CD13, CD33 and CD11b; CD33, CD11b and iMPO; CD13, CD68 and iMPO). No case was positive for megakaryocytic antigens (CD41 or CD61) or glycophorin A. Table 3 compares the immunophenotype of AML-M0 with the other AML subtypes. CD7 was found to be more frequently expressed in AML-M0 than in the other AML varieties. In contrast, iMPO expression was less frequent in AML-M0 than in the other subtypes.
In three patients the immunophenotype was also analyzed at relapse. In patient No. 4 the percentage of blast cells expressing CD33 increased and iMPO became positive, and in patient No. 7 the percentage of CD33-positive blast cells increased whereas CD14 became positive and CD7 expression was lost. 
*, not done; −, negative. Second column, results at relapse. C, combined flow cytometry and immunocytochemistry. I, immunocytochemistry.
Cytogenetics and molecular biology
A sufficient number of metaphases was obtained in six cases with four normal karyotypes, one case with hypotetraploidy (79-88; XXXX [20] ), and one case with complex karyotype with 13 metaphases; in spite of bad morphology preventing a clear definition of the breakpoints it was possible to identify the following abnormalities [46XY, t(6;11)(q?;q23)/46XY del(6)(q?)/46XY del(3) (q2)]. TCR ␤-chain and J␥ configuration was normal in the three patients studied. In contrast, two patients showed a rearranged pattern in the J H region of the immunoglobulin gene (see Table  4 ). None of the patients showed rearrangements in the bcr gene.
Ultrastructure
Ultrastructural analysis was performed in eight patients. In all cases, the blast cells showed cytoplasmic granulation (ranging from 4 to 80% of blasts). The number of granules per section ranged from 1 to 20. The cytoplasm was scarce in five cases and abundant in three. In five cases, abundant mitochondria were seen and prominent Golgi apparatus and RER were seen in one case. No ferritin particles, granules or rhopheocytosis vesicles were observed. The nuclear outline was regular in 43% of the cases and irregular in 57%. Ultrastructural reaction for platelet peroxidase was negative in the four cases tested. Ultrastructural myeloperoxidase was positive, restricted to the granules, in 12% of the blast cells in one out of the five cases studied.
Discussion
The AML-M0 is a recently described AML subtype with a reported frequency ranging from 4% according to the FAB group 1 to 10% found in a recent report. 9 Only after the introduction of immunophenotyping on a routine basis in the diagnosis of acute leukemias has it been possible to identify the AML-M0 subtype.
The reactivity with myeloid-specific MoAb is the main cri- Table 4 Cytogenetic, molecular biology and ultrastructural characteristics of AML-M0
terion for the diagnosis of this subtype of AML. Most of our cases (78%) were positive for two or more myeloid antigens. The high heterogeneity in the antigens expressed is of note. Interestingly, only the use of CD13 and CD33 may be insufficient for the diagnosis of AML-M0. [10] [11] [12] Thus, the use of a large panel of myeloid MoAb and the analysis of cytoplasmic expression of the antigens is often necessary to detect these cases. 13 In half of our cases immunological MPO was positive. The discordance between cytochemical and immunophenotypical MPO expression has been previously referred to, this being particularly frequent in the poorly differentiated AML subtypes. 10, 12, 14 Although in the FAB criteria the negativity of lymphoid markers was considered as a criterion for the diagnosis of AML-M0, a high percentage of such forms of leukemia express lymphoid antigens, mainly CD7 and TdT, as observed in our series and others. 9, 11, [15] [16] [17] [18] The minimal myeloid features and the high frequency of CD7 or TdT expression may pose diagnostic difficulties. In fact, acute leukemias sharing identical immunophenotypic patterns can be differently classified (eg biphenotypic leukemias included in the AML-M0 subtype or the opposite) depending on the studies. 19, 20, 21 In order to overcome this problem, strict criteria to diagnose biphenotypic leukemias have been proposed. 22 None of our cases can be considered as a biphenotypic leukemia according to the latter criteria. Nevertheless, in some cases to discard an immature T cell acute lymphoblastic leukemia with some aberrant myeloid antigens can be difficult. In this regard, none of our patients showed cytoplasmic CD3 or a rearranged pattern for C␤ or J␥ chain of TCR.
As shown in our study, ultrastructural morphological study can be useful in the diagnosis of AML-M0 by revealing the presence of granules in the cytoplasm of the blast cells. Ultrastructural MPO reaction was only positive in one of the five cases tested with a granular pattern similar to that observed in other undifferentiated acute leukemias. 23, 24 The disagreement between immunological and ultrastructural MPO detection could be explained by technical differences (functional vs immunological detection) and the low percentage of positive cells. It has been suggested that some AML-M0 could be of erythroid origin. 15 There are no specific markers for very immature erythroid cells, the ultrastructural analysis of the cells being necessary for their detection. 25 None of our patients showed the presence of invaginated pinocytic vesicles related to the intake of ferritin molecules at ultrastructural level, thus excluding the presence of blasts of erythroid lin-eage. In addition, none of our cases expressed ultrastructural platelet peroxidase and were negative for the specific megakaryocytic lineage markers CD61 and CD41. 25, 26 Recent reports 10, 16, 27 suggest that genetic abnormalities in AML-M0 are frequently complex although without specific non-random abnormalities. Only one of our patients showed a complex karyotype and a translocation with a breakpoint in 11(q23) that has been associated with MLL gene in acute leukemias. 28 In conclusion, AML-M0 is an infrequent type of AML with a phenotypical profile that can induce a misdiagnosis. The use of monoclonal antibodies highly specific for each lineage, the study of cytoplasmic antigens and the ultrastructural morphology allow the confirmation of the myeloid origin and to discard the presence of an immature erythroid or megakaryocytic proliferation among AML-M0 cases.
